Detergent micelle size measurement by dynamic light scattering (DLS) experiment
The TDTs or NDTs were dissolved in distilled, deionized water to give detergent concentration of 1.0 wt%. These TDT or NDT solutions were filtered using a syringe filter with a pore size of 0.22 m.
Hydrodynamic radii of the micelles produced by the TDTs or NDTs were measured by using Malvern Zeta Sizer Nano ZS90 particle analyzer. A He-Ne laser at 633 nm with a maximum power of 5mW was used as a light source and scattered light was collected at the angle of 90°. Temperature was kept at 25 °C throughout all measurements. The translational diffusion coefficient and hydrodynamic radius (R h ) of detergent micelles was calculated by autocorrelation analysis of scattered light intensity as a function of time. R h values were expressed as mean ± SD (n = 4).
Protein stability evaluation
Thermal denaturation assay UapAG411V Δ1-11 was expressed as a GFP fusion in Saccharomyces cerevisiae strain FGY217 and isolated as described previously in sample buffer (20 mM Tris (pH 7.5), 150 mM NaCl, 0.03% DDM, 1 mM xanthine). 1 The protein was concentrated to approximately 10 mg/ml using a 100 kDa molecular weight cut off filter (Millipore). The protein was diluted 1:150 into buffer containing either DDM or TDTs/NDTs at concentrations of CMC+ 0.04 wt% or CMC + 0.2 wt% in Greiner 96-well plates. The CPM dye (Invitrogen), stored in DMSO (Sigma), was diluted in dye buffer (20 mM Tris (pH 7.5), 150 mM NaCl, 0.03% DDM, 5 mM EDTA) and 3 μl of the diluted dye was added to each protein test condition. The reaction was monitored for 120 min at 40 °C using a microplate spectrofluorometer set at excitation and emission wavelengths of 387 nm and 463 nm, respectively.
Relative maximum fluorescence was used to calculate the percentage of relative folded protein remaining after 130 min at 40 °C. Relative unfolding profiles of proteins were plotted against time using GraphPad Prism.
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MelB solubilization, thermal stability and ligand binding assays E. coli DW2 strain (ΔmelB and ΔlacZY) harboring pK95ΔAHB/WT MelB St /CH10 plasmid were used to produce the protein. 2 The plasmid encodes the wild-type melibiose permease of Salmonella typhimurium (MelB St ) with a 10-His tag at the C-terminus. Cell growth and membrane preparation were carried out as described. 3 G at 10 μM and excess melibiose or equal volume of water were added at 1-min-and 2-min time points, respectively.
LeuT stability assay and site-directed fluorescence quenching spectroscopy experiment
LeuT stability assay Wild type of the leucine transporter (LeuT) from Aquifex aeolicus was purified according to the protocol described previously. 8 At first, LeuT was expressed in E. coli C41(DE3) transformed with pET16b encoding C-terminally 8xHis-tagged transporter (expression plasmid was kindly provided by Dr E. Gouaux, Vollum Institute, Portland, Oregon, USA Fluorescence Spectroscopy Fluorescence-based experiments were performed with 0.5 μg ml 
General procedure for the synthesis of dialkylated dimethylmalonate (A)
Dimethylmalonate (1.0 equiv.) was added dropwise to a cold solution of NaH (3.0 equiv.) in DMSO. The mixture was allowed to stir until the evolution of gas ceases. To this solution alkyl iodide (2.5 equiv.) was added slowly. The resulting mixture was allowed to stir for 3 hours at room temperature. Reaction was quenched by the addition of ice cold 10% NH 4 Cl solution. The resulting solution was washed twice with ethylacetate.
Combined ethylacetate fraction was washed with brine and dried over anhydrous Na 2 SO 4 . Concentration of the organic solvent resulted in oily residue. After column chromatographic purification of the residue (EtOAc/hexane), the desired product was obtained as colorless oil.
General procedure for demethoxy carbonylation under Krapcho's decarboxylation condition (step a; A→B)
To a stirred solution of compound A in DMSO was added LiCl (2.2 equiv.) and water (1.1 equiv.). The mixture was stirred for a few minutes and then heated to 160 ˚C for 12 hours. After addition of brine, the reaction mixture was extracted with EtOAc twice. Combined organic layers were washed with brine and dried over anhydrous Na 2 SO 4 . Concentrating the reaction mixture by rotary evaporation gave dark oily residue. After column chromatographic purification desired dialkylated monoester was obtained as colorless oil.
General procedure for the tris coupling with dialkylated methyl ester (step b; B→C)
To a mixture of dialkylated methyl ester (compound B) (1.0 equiv.) in DMSO was added Tris(hydroxymethyl)aminomethane (1.5 equiv.) and NaOMe (2.0 equiv.) in one portion under nitrogen. The solution was stirred at 50˚C for 6 hours. The reaction mixture was diluted with water and then extracted with ethylacetate. The organic layer was washed with brine and dried over anhydrous Na 2 SO 4 . After concentration of the ethylacetate solution, the residue was purified by flash column chromatography (EtOAc/hexane) providing desired product as a white solid.
General procedure for glycosylation reaction 10 (step c; C→D)
Under nitrogen atmosphere, a mixture of compound C (1.0 equiv.), AgOTf (3.6 equiv.), 2,4,6-collidine ( 
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General procedure for the reduction of dialkylated ester by using LAH (step a; A→B)
To dialkylated dimethyl malonate in DMSO was added LiCl and H 2 O. The mixture was heated to reflux for 12 hrs. After cooling the reaction mixture to room temperature, water was added followed by washing with ethylacetate. Combined organic layers were washed with brine and then dried over anhydrous Na 2 SO 4 . After concentration, an oily residue was obtained which was used as such in the subsequent reduction step. LiAlH 4 (2.0 equiv.) was added to ice cold solution of dialkylated mono methyl ester in THF. The mixture was stirred at room temperature for 6 hours. Reaction was quenched by the addition of MeOH, water, 1M aqueous HCl S18 solution successively at 0 °C and then extracted with diethyl ether twice. The organic layers were combined and washed with brine and dried over anhydrous Na 2 SO 4 . The residue obtained after rotary evaporation was purified by silica gel column chromatography (EtOAc/hexane), affording the desired product.
General procedure for the synthesis of dialkylated tri-ol 11 (step b; B→C)
To a solution of dialkylated mono-ol (compound B; 1.0 equiv.) in DMF was added NaH (3.0 equiv.). The mixture was heated to 50˚C for 30 min. After cooling the mixture to room temperature, 4-(bromomethyl)-lmethyl-2,6,7-trioxabicyclo[2.2.2]-octane (3.0 equiv.) dissolved in THF was added dropwise. The resulting mixture was heated at 100˚C for 24 hours. After quenching with methanol, organic solvents were removed under reduced pressure. The solid residue was dissolved in diethyl ether, and the organic solution was washed with brine and dried over anhydrous Na 2 SO 4 . After concentration of the organic solvent, the residue was dissolved in DCM/MeOH mixture. To this solution was added a few drops of conc. HCl and the resulting mixture was heated at 50˚C for 4 hours. After neutralization with NaOH and concentration of the reaction mixture, the residue was purified by column chromatography (EtOAc/hexane) to afford the desired product.
2-nonylundecan-1-ol (13) was prepared in 89% yield according to the general procedure for Krapcho's decarboxylation and reduction of dialkylated monoesters. 1 For the glycosylation and deprotection reaction, the same procedure was used as for the synthesis of TDTs.
NDT-C9a was prepared in 50% yield according to the general procedure for glycosylation reactions. 1 
